Summary: In the present study the degeneration of extrinsic nerve fibers was first investigated in the duodenal myenteric plexus after their transection, and subsequently synaptic connections of the extrinsic nerve fibers were observed with their degenerative changes to examine the relationship of the extrinsic nerve fibers with the neuronal circuits in the myenteric plexus.
presynaptic axon terminals seemed to appear remarkably at 7 days after the denervation.
Synaptic connections of the extrinsic nerve fibers in the myenteric plexus
The peristalsis of the digestive canal is regulated with the gastrointestinal hormones such as motilin and gastrin and with the neural elements such as the myenteric plexus and the extrinsic nerve fibers. The extrinsic nerve fibers consist of sympathetic and parasympathetic elements, and enter the organization of the myenteric plexus.
Their distribution in the myenteric plexus has been studied using the degeneration of these fibers caused by chemical or surgical methods with the light11'9), fluorescent7'16), and electron 6814, 162O) These studies indicated that the synaptic connections between the extrinsic nerve fibers and the intrinsic neurons in the myenteric plexus were not foundsi6'14,16,2°).
In the present study we have investigated the degenerative process in the distal part of the extrinsic nerve fibers innervating to duodenum after their transection. Then, we have examined the synaptic connections of degenerated extrinsic nerve fibers in the myenteric plexus quantitatively to determine the participation of the extrinsic nerve fibers in the neuronal circuits of the myenteric plexus.
Materials and Methods
Eighteen adult rats of Wistar for 230-270 g. were anesthetized with pentobarbital solution (25.6 mg/Kg) peritoneally. The extrinsic nerve fibers running with the 1. To whom reprint requests and correspondence should be addressed.
coeliac and superior mesenteric arteries were carefully cut at 2mm distance from the coeliac ganglia under the stereoscope ( Fig. 1 ). At 6, 12, 24 hours, and 2 , 4, 7, 1 1 days after the extrinsic denervation, the descending portions of the duodenum were removed, and were immediately immersed in 5% glutaraldehyde solution in 0.1 M phosphate buffer at pH 7.4 at 4°C for 2 hours . Small pieces of them about 1 mm in thickness were made, were post-fixed in 2% osmic acid in the same buffer at 4°C for 2 hours, were dehydrated in a series of ethyl alcohol, and were embedded in Epon 812. For observing the myenteric plexuses with the light microscope, the sections of 1 pm in thickness were made and stained with 0.507o toluidine blue solution. For observing them with the electron microscope, the ultrathin sections were made stained with uranyl acetate and lead citrate.
Furthermore, photographic montages of 22 fields from the sections at 7 days after the extrinsic denervation were made at the magnifications of 7,500 and 11,000. The area of each myenteric plexus in the montages was measured, and the number of the normal and degenerated synapses in the myenteric plexus was counted.
Results

.
The structure of the myenteric plexus in the normal rat
The myenteric plexus was completely surrounded with the basement membrane and was separated from the smooth muscle layer. In the myenteric plexus, intrinsic neurons and neuroglial cells were scattered. Also, many neuronal processes were found among these cells, and all of them were unmyelinated. Axo-somatic ( Fig. 2 ) and axo-dendritic (Fig. 3 ) synaptic connections were found in the myenteric plexus.
2. The degenerative changes of the extrinsic nerve fibers in the myenteric plexus after their transection.
1) Degeneration of the extrinsic nerve fibers
No ultrastructural changes were found in the extrinsic nerve fibers of the myenteric plexus by 6 hours after their denervation. However, a few of swollen axons appeared in the area close to the basement membrane at 12 hours (Fig. 4 ). There were found many neurofilaments oriented in parallel, many mitochondria, and a few electron dense bodies in their axoplasm.
On and after I day after their denervation, degenerated axons appeared and were distinguished into types I, II and III. While most of Types I and II were found in the area near the basement membrane, type III throughout the myenteric plexus. The degenerated axons of type I were characteristic of their electronlucent and swollen axoplasm. Many of them contained the aggregation of the synaptic vesicles in the central area (Fig. 5A ) or some electron dense bodies (Fig. 5B) . The degenerated axons of type II were almost occupied with the electron dense material (Fig. 6A ) or the membranous structures (Fig. 6B ) in their axoplasm. The degenerated axons of type III had some electron dense bodies (Fig. 7A) . Some of them became swollen and dense bodies in them increased in number (Fig. 7B) .
2) The degeneration of the extrinsic presynaptic axon terminals Dense bodies similar to those in type III were found in the extrinsic presynaptic axon terminals at 2 days after the denervation (Fig. 8A ). At 7 days the presynaptic terminals contained many dense bodies (Fig.  8B ), but at 11 days it was difficult to find these terminals. The other type of the axon degeneration appeared in the presynaptic terminals at 7 and 11 days (Fig. 9 ). These terminals showed the low electron density in their axoplasm and the decrease of the synaptic vesicles, and contained the myelin-like structures.
3) Synaptic connections of the extrinsic axons in the myenteric plexus
The degenerative changes of the extrinsic axon terminals were maintained by 11 days after the denervation and were most evident at 7 days. Therefore, we observed the myenteric plexuses at 7 days to examine the synaptic connections of the extrinsic axon terminals. The results were summarized in Table 1 . The synaptic connections of the normal and degenerated presynaptic axon terminals appeared variable in each myenteric plexus. The mean value of the number of all synapses including the degenerated synapses was 9.10 ± 1.38/103 p m2. That of degenerated synapses alone 0.84 ± 0.38/103 prn2. The ratio of the degenerated synapses to whole ones was 7.4 ± 1.8°7o.
Furthermore, the ratio of axo-somatic synapses to whole ones was 63.5 ± 5.1 olo , and that of axo-dendritic synapses was 36.5 ± 5.6%. On the other hand the ratio of degenerated axo-somatic synapses to all of degenerated synapses was 96.2 ± 2.6%, and that of degenerated axo-dendritic synapses was 3.8 ± 2.0°7o. Thus, most of the degenerated presynaptic axon terminals seemed to make axo-somatic synapses in the myenteric plexuses.
Discussion
In the present study the degeneration of the extrinsic nerve fibers was chronologically observed in the myenteric plexus of the rat duodenum after their transection, and subsequently the synaptic organization of the extrinsic nerve fibers was investigated using their in the duodenal myenteric plexus 17
Tables I Summary on the area of twenty-two myenteric plexuses and the number of synapses in them of the rat duodenum at 7 days after the extrinsic denervation.
A-S: axo-somatic synapse A-D: axo-dendritic synapse degenerative changes. At 12 hours after the denervation, a few axons showed swollen, and a bundle of neurofilament and many mitochondria appeared in them. These changes were almost similar to those in the unmyelinated nerve fiberS315122123). The degenerative changes of the axons on and after 1 day could be distinguished into three types. The type I was characteristic of the reduction of the electron density in their axoplasm and of the accumulation of the synaptic vesicles in the central area of their axoplasm. In the case of type II, their axoplasm had the electron dense material or the myelin-like structure.
Gordon-Weeks8), and Gordon-Weeks and Gabe1.1a9)have already observed the same degenerative changes in the autonomic axons of was deferense and in the myenteric plexus of guinea-pigs. The latter type was similar to cytolysosomes found by Hamori et al ." and similar to degenerative changes observed in the rat cervical sympathetic trunk and superior cervical ganglion by Dixon and Gosling2). The degenerative axons of type III contained the electron dense bodies in their axoplasm. These changes were also investigated in the rat cervical sympathetic trunk and superior cervical ganglion, and in the rat and rabbit myelinated trunk and superior cervical ganglion, and in the rat and rabbit myelinated nerve fibers15'23). Gordon-Weeks8), Gordon-Weeks and Gabella9) considered that the type I degenerated axons gradually transformed to the type II or III. In the present study, however, types I and II appeared almost at the same time. Thomas and King22) and Kogal4) observed the dense bodies in the vagal nerve fibers, and Kapella and Mayor13), Bray et al.", and Matthews18) in the sympathetic nerves, also, Webster 24) in the myelinated nerve fibers. Thomas and King22) considered these bodies to the degenerated mitochondria.
In our observation these dense bodies seemed to increase gradually in number relating to the decrease of the mitochondria with the advancement of the axon degeneration.
The synaptic connections of the extrinsic nerve fibers were investigated in the myenteric plexus4-6, 14 , 16 , 20) Gordon-Weeks"), Llewellyn-Smith et al. 16), and Gabella and Juorio5) observed no degeneration of the presynaptic axon terminals in the myenteric plexus after the surgical or chemical denervation of the extrinsic sympathetic nerve fibers. Koga14), and Fehler and Vajda4) found no synaptic connections of the degenerated axons in the stomach myenteric plexus after the transection of the vagal nerves, and they concluded that the vagal nerves made few synapses in the myenteric plexus. Also, Old and Danie12°) observed. few synaptic connections with the membrane specialization of the extrinsic nerve fibers. In the present study, however, the presynaptic areas of the extrinsic nerve fibers showed several degenerative changes in the duodenal myenteric plexus after their denervation, and the plasma membrane was specialized in these presynaptic axon terminals. One of these degenerative changes was the appearance of dense bodies in their axoplasm, and could be observed between 2 and 7 days after the denervation. In particular, many dense bodies were observed at 7 days. These degenerated changes were already reported in the stomach myenteric plexus of cats by Fehler and Vajda4) , and in the presynaptic part of the preganglionic fibers in the rat superior cervical ganglion by Raisman and Matthews21). In the other type of the presynaptic axon degeneration, the electron density reduced in their axoplasm and synaptic vesicles in them decreased in number. This type was found at 7 and 1 1 days after the transection. Old and Daniel") observed almost the same degenerated changes in the axonal varicosities of the dog stomach myenteric plexus after the vagotomy, but they could not identify these changes in the presynaptic axon terminals with the membrane specialization . In our study, two types of the axon degeneration appeared in the presynaptic processes after the transection of the extrinsic nerve fibers, and these changes seemed to be the most remarkable at 7 days after their denervation .
The synaptic connections of the extrinsic nerve fibers were examined in the myenteric plexus at 7 days after the denervation.
The distributional density of the synaptic connections formed with the extrinsic nerve fibers was about 9/1 03 pm2, and the ratio of them was about 707o of total synapses. Kogal4), and Fehler and Vajda4) indicated no synaptic connections of the vagal nerves in the myenteric plexus. Also, Gabella and Juorio5), Gordon-Weeks"), and Llewellyn-Smith et al.16) reported few or no synaptic connections of the extrinsic sympathetic nerve fibers in the myenteric plexus. Jones and Cowan12) suggested that the extrinsic nerve fibers might terminate as the free nerve-ending in the myenteric plexus. Manber and Gershon1 concluded that the ratio of the adrenergic axonal varicosities was under 1% in the rabbit jejunum myenteric plexus. But the results of the present study indicated that the extrinsic nerve fibers might form several synaptic connections in the myenteric plexus. A few swollen axons appear in the area near the basement membrane at 12 hours after the extrinsic denervation. They contain many filaments oriented in parallel and mitochondria in their axoplasm. Also, a few electron dense bodies ( ) are found there. x 23 ,500. Fig. 5A . The type I degenerated axon appears near the basement membrane in the myenteric plexus on and after 1 day after the denervation. This axoplasm decreases in the electron density and contains the aggregation of synaptic vesicles in its central area. x 16,500. Fig. 5B . The type I degenerated axon is swollen and electron-lucent, and contains a few electron dense bodies. x 15,500.
Plate III Plate HI Fig. 6A . The type II degenerated axon appears near the basement membrane in the myenteric plexus on and after 1 day after the denervation. This axoplasm is almost occupied with the electron dense material. x 31,000. Fig. 6B . The type H degenerated axon is swollen and occupied with the membranous material. x 17,000. Fig. 7A . The type III degenerated axons appear throughout the myenteric plexus on and after 1 day after the denervation. They contain some electron dense bodies. x 17,500. . Dense bodies similar to ones in type III degenerated axons appear in the presynaptic terminal at 2 days after the denervation. The synaptic connections ( pl. ) are axo-somatic. a; presynaptic axon terminal, n; intrinsic neuron. x 19,000. Fig. 8B . At 7 days after the denervation, the degenerated axon contains a number of dense bodies amongst synaptic vesicles, and made the synaptic connections with the intrinsic neuron ( Ob. ). a; presynaptic axon terminal, n; intrinsic neuron. x 19,000. Fig. 9 .
At 7 days after the denervation, the presynaptic axon terminal shows the low electron density and the decrease of synaptic vesicles. This terminal contains the myelin-like structures. This synaptic connection ( 1111. ) is axo-dendritic. a; presynaptic axon terminal, d; dendrite. x 24,500.
